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Abstract. Optical spectroscopy of 93 galaxies, 60 projected in the direction of Abell 1367, 21 onto the Coma cluster 
and 12 on Virgo, is reported. The targets were selected either because they were detected in previous Ha, UV or 
r' surveys. The present observations bring to 100% the redshift completeness of Ha selected galaxies in the Coma 
£SJ , region and to 75% in Abell 1367. All observed galaxies except one show Ha emission and belong to the clusters. 

C*") 1 This confirms previous determinations of the Ha luminosity function of the two clusters that were based on the 

assumption that all Ha detected galaxies were cluster members. Using the newly obtained data we re-determine 
the UV luminosity function of Coma and we compute for the first time the UV luminosity function of A1367. 
Their faint end slopes remain uncertain (-2.00<a<-1.35) due to insufficient knowledge of the background counts. 
If 90% of the UV selected galaxies without redshift will be found in the background (as our survey indicates), 
the slope of UV luminosity function will be a~-1.35, in agreement with the UV luminosity function of the field 
l' (Sullivan et al. 2000) and with the Ha luminosity functions of the two clusters (Iglesias-Paramo et al. 2002). 

1* \ We discover a point like Ha source in the Virgo cluster, associated with the giant galaxy VCC873, possibly an 

■ extragalactic HII region similar to the one recently observed in Virgo by Gerhard et al. (2002). 

Key words, galaxies: redshift; galaxies: luminosity function; galaxies: clusters: individual: Abell 1367, Coma, Virgo 

> 
• i-H , 

■ 1. Introduction ity range are detected by the limited band-width of the 
\ adopted filters. Complementary redshift information is 

. W , Multi-wavelength determinations of the luminosity func- neverthe i ess nigh i y recommended in order to reject back- 

tion of galaxies belonging to nearby rich clusters are fun- ground objects whose H/? Qr [om] Hnes would m intQ 

damental tools for shedding light on the process of galaxy the band designed for containing the redshifted Ha line, 

evolution and, in conjunction with similar determinations i g i esias _p aram0 et al. (2002) carried out a deep Ha imag- 

of "field" galaxies, should help unveiling the role of the ing gurvey o{ i x 1 degree area in Coma and Al367 

environment on galaxy evolution. dugters and obtained the first Ra i uminosity function of 

These determinations suffer from insufficient redshift cov- nearby clusterg of galaxies . By that time ap p rox i ma t e ly 

erage, a crucial parameter for discriminating the (minority fifty percent of Ra emitting ga i axie s had no estimate of 

of) cluster members from the background interlopers. the reC essional velocity. With the aim of measuring the 

Luminosity functions based on narrow band (i.e. Ha) rema i n i ng redshifts and for confirming the Ha emission 

surveys are less affected by the redshift incompleteness: of thege galaxies we carr i e d out the spectroscopic survey 

only emission-line galaxies m a narrow recessional veloc- presented m this paper As a side product we a l so ob- 

tained redshifts of several UV selected galaxies in Coma 
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Aleman (Spain). observations and the data-reduction procedures are de- 
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scribed in Section 3. The new redshift are presented in 
Section 4 along with the data on one interesting object in 
the Virgo cluster. The Ha and UV luminosity functions of 
A1367 and Coma are discussed in Section 5. Conclusions 
are briefly summarized in Section 6. 



2. The sample selection criteria 

Galaxies in the present study were primarily selected 
among objects, projected in the direction of the Abell 
1367 and Coma clusters, with Ha emission detected in the 



INT Ha survey of ( Iglesias-Paramo et al. (2002) I or se- 
lected from the r' survey by Iglesias-Paramo et al. (2003]] 
The Ha selected galaxies in the Coma cluster were all 
spectroscopically measured, while only 75% of them were 
observed in A1367. The r 1 selected galaxies with r' < 17 
have been observed with a completeness of 64% and 92% 
for A1367 and Coma respectively. 

In addition to these, we selected 20 targets with UV mag- 
nitude m uv < 18.5 detected by the FOCA balloon-borne 
wide field UV camera (A = 2000A; AA = 150A) (Donas 
et al. 1995 and Donas, private communication). The UV 
magnitude is defined as: m uv = — 2.51og(F 2 ooo) — 21.175, 
where F 2 ooo is the flux in units of erg cm~ 2 s _1 A -1 . The 
spatial resolution of the UV data is 20 arcsec FWHM 
(Milliard et al. 1992). The astrometric accuracy of these 
data is therefore typically 3-5 arcsec, insufficient for 
unambiguously identifying spectroscopic targets and 
discriminating between stars and galaxies. To overcome 
this limitation, we cross-correlated the FOCA catalogues 
of A1367 and Coma with the r' band catalogue of galaxies 
(r' < 21) by |Iglesias-Paramo et al~ 003) using a match- 
ing radius of 20 arcsec. In cases of multiple identifications 
we select the galaxy closest to the UV position. Including 
the present observations, spectra are available for 64% 
and 56% of the UV selected galaxies with an optical 
counterpart in A1367 and Coma respectively. 
A dozen of faint Ha emitting galaxies in the Virgo 
cluster with no estimate of the recessional velocity in 
the literature were also selected as filler objects. These 
were serendipitously found around bright VCC galaxies 
by visual inspection to the net (Ha + N [II]) frames 
obtained at the INT by Boselli et al. (j20Tj2|> . 



conditions, generally oriented E-W. The wavelength cali- 
bration was secured with exposures of HeAr lamps. The 
on-target exposure time ranged between 15 and 30 min 
according to the brightness of the targets. 
The observations at Cananea (40 galaxies) were carried 
out with a 1.9 arcsec slit, generally oriented N-S. The 
wavelength calibration was secured with exposures of 
XeNe lamps. The on-target exposure time ranged between 
20 and 40 min according to the brightness of the targets. 
The observations at Calar Alto (9 galaxies) were car- 
ried out with a 1.5 arcsec slit, generally oriented N-S. 
The wavelength calibration was secured with exposures of 
CdHe lamps. The on-target exposure time ranged between 
15 and 30 min according to the brightness of the targets. 
In all runs the observations were obtained in nearly photo- 
metric conditions, with thin cirrus. The orientation of the 
slit was modified from the set-up given above when two 
adjacent objects could be observed in the same exposure. 
The data reduction was performed in the IRAF environ- 
ment. After bias subtraction, when 3 or more frames of 
the same target were obtained, these were combined (after 
spatial alignment) using a median filter to help cosmic rays 
removal. Otherwise the cosmic rays were removed using 
the task COSMICRAYS and/or under visual inspection. 
The lamps wavelength calibration was checked against 
known sky lines. These were found within ~ 1 A from their 
nominal position, providing an estimate of the systematic 
uncertainty on the derived velocity of ~ 50 km s . After 
subtraction of sky background, one-dimensional spectra 
were extracted from the frames. The redshift were ob- 
tained using the cross-correlation technique of Tonry & 
Davis l|1979[) . This method is based on a "comparison" 
between the spectrum of a galaxy (or a star) whose red- 
shift is to be determined, and a fiducial spectral template 
of a galaxy of appropriate spectral type to contain the 
wanted absorption/emission lines. The basic assumption 
behind this method is that the spectrum of a galaxy is 
well approximated by the spectrum of its stars, modified 
by the effects of the stellar motion inside the galaxy and by 
the systemic redshift. For this purpose high signal-to-noise 
spectra were taken of two template galaxies: VCC0066 
(emission lines) and NGC221 (absorption lines), which 
were converted to the rest frame A. The derived redshift 
are not transformed to Heliocentric. 



3. Observations and data reduction 

Long-slit, low dispersion spectra of 93 galaxies were ob- 
tained in several observing runs since 2001 using the imag- 
ing spectrograph BFOSC attached to the Cassini 1.5m 
telescope at Loiano (Italy), LFOSC at the 2.1m telescope 
of the Guillermo Haro Observatory at Cananea (Mexico), 
and with CAFOS attached to the 2.2m telescope of the 
Calar Alto Observatory (Spain). Tabled lists the charac- 
teristics of the instrumentation in the adopted set-up. 
The observations at Loiano (44 galaxies) were performed 
using a 2.0 or 2.5 arcsec slit, depending on the seeing 



4. Results 

The velocity measurements obtained in this work are listed 
in Table 2 as follow: 

Column 1: Galaxy designation. For Virgo cluster we use 
the VCC flBinggeli et al. 1985D and VPC (Young & Currie 
1998) designations when available. 

Column 2, 3: (J2000) celestial coordinates, measured with 
few arcsec uncertainty. 
Column 4: r' band magnitude. 

Column 5, 6: observed recessional velocity with uncer- 
tainty derived in this work. The latter quantity includes 
only statistical errors. The global uncertainty can be de- 



L.Cortese et al.: Optical spectroscopy of galaxies in nearby clusters 
Table 1. The spectrograph characteristics 



3 



Observatory Spectrograph Dispersion 


Coverage 


CCD 


pix 




A/mm 


A 




)im 


Loiano BFOSC 


198 


3600 - 8900 


1340 x 1300 EEV 


20 


Cananea LFOSC 


228 


4000 - 7100 


576 x 384 TH 


23 


CalarAlto CAFOS 


187 


3600 - 10200 


2048 x 2048 SIT 


24 



rived by adding in quadrature 50 km s _1 due to the un- 
certainty in the absolute wavelength calibration. 
Column 7: type of lines (A=absorption; E=Emission) 
Column 8: telescope (LOI=Loiano; CAN=Cananea, 
CAL^Calar Alto) 

Column 9: galaxies selection band (UV, Ha or r') 
4.1. The Virgo cluster 

Twelve redshift measurements presented in this work are 
of faint (r' < 18) objects in the Virgo cluster which were 
serendipitously detected near bright VCC galaxies as part 
of an Ha imaging survey of this cluster (Boselli et al. 
2002). Four of these galaxies turned out to be background 
galaxies whose emission, revealed in the net (Ha + N[II]) 
frames, is in fact due to H/3 and [OIII] lines, showing that 
at the faint limit of the survey the contamination by this 
type of objects becomes relevant. 

We would like to draw the attention on the point-like Ha 
source 122603+130724 detected at the projected distance 
of 2' from the giant galaxy VCC873 shown in Fig.Q] The 
source shows an Ha equivalent width of ~ 700A and an 
Ha flux ~ 10~ 146 erg s _1 cm~ 2 . In spite of its very faint 
continuum (r' ~ 21.5), the 15 min spectrum of this object 
taken with the Loiano 1.5m telescope yielded a prominent 
Ha emission at 260 km s _1 , consistent with the velocity 
of VCC873 (232 km s" 1 ). 

Unlike planetary nebulae (ICPNe) found near giant galax- 
ies in the Virgo and Fornax cluster (Arnaboldi et al. 1996; 
Theuns & Warren 1997) showing strong [OIII] A5007A 
lines (Dopita et al. 1992), 122603+130724 is not detected 
in [OIII]. However, given the weakness of the available 
spectrum, the upper limit on [OIII] is ~ 0.3 of the Ha 
flux, therefore consistent with 122603+130724 being an 
extragalactic HII region (Dopita et al. 2000) associated 
with the giant galaxy VCC873. The point-like Ha source 
122544+130740 listed in Table 2 could be another ex- 
tragalactic HII region, in this case not associated with 
a bright cluster galaxy. However the redshift of this faint 
(r 1 ~ 20) object, based on one line (presumably Ha) needs 
confirmation because it lies at a projected distance of 10 
arcsec from a bright star. 

Gerhard et al. (2002) found 17 candidate extragalactic 
HII regions in the Virgo cluster, among which the one 
associated with VCC836 was confirmed spectroscopically. 
Objects of this kind could account for the diffuse intra- 
cluster light (Bernstein et al. 1995) and might contribute 
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122603+130724 
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Fig. 1. Net Ha+[NII] image of 122603+130724 and 
VCC873 (grey-scale) with superposed contours of the con- 
tinuum emission. 

to the enrichment of the intergalactic medium in clusters. 



5. The luminosity functions 

5.1. The Ha luminosity function 

With the new data presented in this work, the red- 
shift of all Ha selected galaxies in the Coma cluster 
(Iglcsias-Paramo et al. (2002)) have been measured. All 
objects turned out to be cluster members (4000 < V < 
10000 km s _1 ) and significant Ha emission was detected 
in their spectra. The Ha luminosity function determined 
by |Iglesias-Paramo et al. (2002)| assuming that all objects 
were at the distance of Coma is fully confirmed. 
In A1367 we measured the redshift of 14 galaxies, bring- 
ing to 75% the completeness of Ha selected galaxies in 
this cluster. The membership to the cluster was con- 
firmed for 13 galaxies, while 1 (114430+195718) turned 
out to be a background galaxy whose emission, revealed 
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Fig. 2. Redshift completeness of the UV selected galaxies 
in Coma (dotted histogram) and A1367 (long dashed his- 
togram). The redshift completeness is ~ 90% for mjjv < 
16.75 while at fainter magnitudes it drops rapidly under 
50% 



by Iglcsias-Paramo et al. (2002) is in fact due to H/3 
and [OIII] lines. This confirms that the Ha survey by 
Iglesias-Paramo et al. (2002) is little contaminated by H/3 
and [OIII] emission lines from background objects, em- 
phasizing the high success-rate of selecting emission line 
members with the |Iglesias-Paramo et al. (2002)| method. 

5.2. The UV luminosity function 

The Ha luminosity functions of Coma and A1367 are 
found consistent one another, being characterized by a 
faint end slope a~-0.7. This value differs significantly from 
the slope of the UV luminosity function of Coma (Andreon 
1999, hereafter A99) a^-2.0, the only UV luminosity func- 
tion ever determined for a cluster. While stars with masses 
M> IOMq and lifetimes < 20 Myr contribute significantly 
to the Ha flux, the UV emission is dominated by young 
stars of intermediate masses (2 <M<5 Mq). Furthermore 
UV emission is detected also from early-type galaxies with 
no recent star formation episodes (Deharveng et al. 2002). 
However these differences alone are insufficient for produc- 
ing discrepant luminosity function such as obtained in the 
two bands. Thus we use the spectroscopic observations 
presented in this work to re-compute the Coma UV lumi- 
nosity function and to compute, for the first time, the UV 
luminosity function of A1367. Using the same UV data 
available to A99, we cross-correlate the UV detections 
with the r' catalogue of Iglesias-Paramo et al. (2003) for 



Fig. 3. Differential UV galaxy counts in the field by 
Milliard et al. 1992 (solid line), in the Coma (dotted line) 
and A1367 (long dashed line) clusters. 
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a better star/galaxy discrimination. This reduces our lu- 
minosity function determination to an area of 0.97° 2 (the 



Fig. 4. Integrated UV galaxy counts in the field by 
Milliard et al. 1992 (solid line), upper and lower back- 
ground limits for Coma (dotted line) and for A1367 (long 
dashed line) are given. 



same over which we determined the Ha luminosity func- 
tion), instead of ~ 3° 2 analyzed by A99. The determina- 
tion of the cluster luminosity function requires a reliable 
estimate of the contribution of background/foreground ob- 
jects to the UV counts. This can be accurately achieved 
for mjjv < 16.75, since for these UV sources the red- 
shift completeness is ~ 90% (see FigEJ. At fainter mag- 
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Fig. 5. The UV luminosity functions of the Coma galaxies. 
The luminosity function by A99 is represented with empty 
squares and the upper (empty circles) and lower (filled 
points) limits determined in this work are given. The dot- 
ted lines represent the best linear fits to the faint end of 
the luminosity function. Error bars account for Poissonian 
fluctuations. 



nitudes the redshift completeness drops rapidly, thus re- 
quiring the contamination to be estimated statistically 
from the number of field galaxies, per bin of UV mag- 
nitude, that are expected to be randomly projected onto 
the cluster area. The over-density of UV counts due to 
Coma/ Al 367 galaxies can be derived from the difference 
between the counts in the direction of the two clusters and 
the UV galaxy counts derived in three random fields by 
Milliard et al. (1992)| using the same experimental set up 
as for Coma and A1367. Opposite to our expectation the 
cluster galaxy counts at faint magnitudes are ~ 3 times 



lower than the Milliard et al. (1992) number counts (see 
Fig. as already noticed by A99. The reason for such 
discrepancy is not fully understood and might reflect a 
higher degree of star contamination among the UV counts 
than estimated by Milliard et al. (1992) Alternatively it 
might derive from a higher than expected fraction of fore- 
ground galaxies in |Milliard et al. (1992) However fore- 
ground galaxies should contribute significantly less than 
background objects due to the small sampled volume at 
V < 4000 km s . Using our new redshifts we can at 
least estimate a minimum and a maximum background 
contribution to the observed counts in the direction of 
Coma and A1367, a method followed by A99. The true 
background is at least composed of all objects whose ve- 
locity falls outside the assumed range for the clusters 
(4000 < V < 10000 km s _1 ). At most it comprises also all 
galaxies with unknown redshift. These limiting estimates, 



Fig. 6. Same as Fig. EJfor A1367. 

shown in Figure0]for Coma (dotted line) and A1367 (long 
dashed line), are found in good reciprocal agreement, but 
are significantly lower than the background counts esti- 
mated by |Milliard et al. (1992)| The resulting clusters UV 
luminosity functions should lie in between the two deter- 
minations given in Figs. [S] and [fj] 

Due to the large uncertainties we did not attempt to fit 
a complete Schechter (1976) function to the data. Instead 
we fit the low-end slope (15. 5< muy <18) with an expo- 
nential form of slope kmuv where m\jy is the UV magni- 
tude and k is related to the a parameter of the Schecther 
function by: 

a = -(fc/0.4+ 1) 

The resulting UV luminosity function of A1367 shows a 
slope between ki ower = 0.14 ± 0.08 and k upper = 0.42 
± 0.09 (equivalent to a; otoer =-1.35±0.20 and a upper =- 
2.05±0.22). Similarly, for the UV luminosity function 
of Coma we find ki ower = 0.14 ± 0.09 and k upper — 
0.37± 0.09 (equivalent to ai ower —-l.S5±0.22 and a upper =- 
1.94±0.24). The upper and lower limits of the UV lumi- 
nosity functions of the two clusters are in fair agreement, 
but the allowed range between the two limits is still very 
broad. Likely the low limit gives a more realistic represen- 
tation of the true UV luminosity function because nearly 
all (18/20 or 90%) of the UV selected galaxies for which 
we obtained a redshift in this work turned out to be in 
the background. The low limit slope a~-1.35 is in agree- 
ment with the field UV luminosity function of Sullivan 
et al. (2000) and it is consistent with the slope of the 
Ha luminosity function of the two clusters as determined 
by Iglesias-Paramo et al. (2002). Certainly the very steep 
(a~-2.0, -2.2) luminosity function found for Coma by A99 
is due to an underestimate of the density of background 
galaxies. 
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6. Summary and conclusions 

Optical spectroscopy of 93 galaxies, 60 of which are 
projected in the direction of Abell 1367, 21 onto the 
Coma cluster and 12 onto Virgo, is reported. These 
observations bring the redshift completeness among Ha 
selected galaxies by Iglesias-Paramo et al.(2002) to 100% 
in the Coma region and to 75% in Abell 1367. All, 
except one, the Ha selected galaxies show Ha emission 
and are confirmed cluster members. The exception is 
a background galaxy whose [OIII] lines fall in the Ha 
filter. The Ha luminosity function of the two clusters 
determined by Iglesias-Paramo et al. (2002) is fully 
confirmed. 

Rcdshifts of UV selected galaxies in Coma and A1367 
regions were also obtained. With these new data the 
redshift completeness in the core of the two clusters has 
reached ~ 90% for ra\jy < 16.75. We re-determine the 
Coma UV luminosity function and we compute for the 
first time the UV luminosity function of A1367. The two 
are found in fair agreement. Their faint-end slopes remain 
unconstrained (-2.00<a<-1.35) due to the uncertainty 
on the background counts. However if 90% of the UV 
selected galaxies without a redshift measurement will be 
found in the cluster background, as our data indicate, 
the slope of the UV luminosity function should be near 
a~-1.35, in agreement with the field one (Sullivan et al. 
2000) and with the Ha luminosity functions of the two 
clusters (Iglesias-Paramo et al. 2002). 
Finally we discover a point like Ha source in the Virgo 
cluster, associated with the giant galaxy VCC873, pos- 
sibly an extragalactic HII region as the one recently 
observed in Virgo by Gerhard et al.(2002). Objects of 
this kind could account for the diffuse intracluster light 
and might contribute to the enrichment of intergalactic 
medium in galaxy clusters. 
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Name 




R.A. 


Dec. 


r' 


vel 


± 


Lines 


Tel. 


Sel. 




(J. 2000) 


(J. 2000) 


mag 


km s _1 










A1367 


114038+195437 


11 


40 38.96 


+ 19 54 37.4 


17.48 


7784 


96 


E 


LOI 


Ha 


114110+201117 


11 


41 10.47 


+20 11 17.7 


17.57 


6952 


22 


E 


LOI 


Ha 


114117+200832 


11 


41 17.60 


+20 08 32.0 


15.93 


14500 


20 


E 


LOI 


UV 


114137+194451 


11 


41 37.90 


+ 19 44 51.0 


17.14 


27891 


80 


A 


CAN 


uv 


114141+200230 


11 


41 41.20 


+20 02 30.5 


17.37 


8447 


51 


E 


LOI 


Ha 


114142+200054 


11 


41 42.57 


+20 00 54.9 


17.33 


8456 


69 


E 


LOI 


Ha 


114149+194605 


11 


41 49.79 


+ 19 46 05.1 


17.52 


7789 


39 


E 


LOI 


Ha 


114156+194836 


11 


41 57.03 


+ 19 48 36.2 


16.53 


28896 


140 


A 


CAN 


r' 


114229+195238 


11 


42 29.00 


+ 19 52 38.0 


17.37 


14084 


130 


A 


CAN 


UV 


114238+192103 


11 


42 38.40 


+ 19 21 03.0 


17.16 


18674 


72 


E 


LOI 


UV 


114240+195716 


11 


42 40.36 


+ 19 57 16.6 


17.68 


7501 


46 


E 


LOI 


Ha 


114252+192543 


11 


42 52.22 


+ 19 25 43.4 


15.13 


24452 


114 


A 


LOI 


r' 


114253+201039 


11 


42 53.11 


+20 10 39.8 


15.43 


6261 


192 


A 


CAN 


t 

r 


114300+201225 


11 


43 00.30 


+20 12 25.9 


14.90 


20965 


133 


A 


CAN 


r' 


114306+195620 


11 


43 06.31 


+ 19 56 20.0 


15.21 


6321 


103 
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